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Abstract
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To investigate features of resting-state wavelet synchrony in unconscious patients with severe brain injury and how TMS-therapy can affect resting state functional connectivity.
We used stimulus-based EEG paradigm to detect changes of functional connectivity after TMS-therapy. 
Introduction
Posttraumatic unconscious states are currently classified in three categories as follows: comatose state, unresponsive wakefulness state or vegetative state (UW or VS) and minimally conscious state (MCS) [1, 2, 3] .
The main issue related to minimally conscious state lacks any direct evidence of patient's conscious content or conscious state. It is also worth noting that this posttraumatic state has been divided into MCS+ and MCS−,depending on the complexity of behavioral responses (i.e., presence or absence of understanding conversations, following commands, respectively) [4] .
Over the last 20 years, empirical and theoretical studies have demonstrated that conscious state do not rely on a single cortical area or networks, but require, instead, a brain-scale communication that has to be sustained, complex, and differentiate [5] .
Transcranial magnetic stimulation (TMS) study clarified the functional involving of cortical regions in mental activity after the stimulation [6] . Recently TMS became used in rehabilitation and treatment patients with severe traumatic brain injury (TBI). TMS is non-invasive method changing cortex activation [7] .
In order to reveal changes of task-related brain regions activation we can make use of functional brain imaging tools like EEG and combine with cognitive neuroscience paradigms to record brain activity.
According to the recent studies, the brain responses to naturalistic stimuli have sufficient data for assessment of integrity of consciousness and prognosis of cognitive functions. Speech and music are used as naturalistic stimuli that are closely related to social life [8, 9, 10] .
Using both TMS and event-related potentials (ERP) for naturalistic stimuli could increase accuracy of forecasting of mental recovery. TMS would change local activation and facilitate perception of stimuli, and ERP for music would help to reveal hidden mental activity. Using functional connectivity for assessment of changing brain activation under the TMS and during listening to music could help estimate connectivity between different brain regions and integration of taskrelated brain areas [7] .
Calculated functional networks reflect an activation of brain regions during different cognitive tasks.
Moreover, functional networks include areas of brain activation and functional connectivity between these areas. Functional networks are considered as a measure of integrity of anatomical networks involved in mental activity [11] . Currently, the most studied network is the so-called "default mode network" (DMN). This is a system of regions including the precuneus/posterior cingulate gyrus, the lateral parietal region, the medial prefrontal cortex [12, 13] . It was shown that this network is more actively involved in dormant conditions and is relatively deactivated whenever the subject participates or performs active tasks [14] .
Functional connectivity reflects a degree of the activation of brain regions involved in a task and reveals the reorganization of functional connectivity during perception of stimuli or task solving. Revealed activated functional networks could be considered as neurophysiological markers of current state of patients and forecast a potential of mental recovery [15, 16, 17] .
Wavelet analysis is one of the methods to calculate functional connectivity [18], using EEG data and phase synchrony [19] .
The aim of current study was to research the reorganization of functional connectivity under TMS during resting state and listening to naturalistic stimuli (songs) in unconscious patients with severe brain injury.
In order to estimate functional connectivity, the analysis of wavelet synchrony was carried out in patients in unresponsive wakefulness state and minimally conscious state in resting state.
Materials and Methods

Patients
Brain activity of 15 in-patients with severe brain TBI Characteristics of patients, their functional state during the first EEG record after TBI and outcome are presented in Table 1 . The number of TMS sessions and area of stimulation are presented in Table 1 . 
TMS course
EEG and ERP-data acquisition
Brain activity was recorded using 32-channel Neurobotics (Russia) from 32 sites. Horizontal electrooculograms were recorded from the right supraorbital margin and outside corner of the eye fissure for monitoring blinking and eye movement and further offline artifact correction (>50mkV). EEG was recorded with common ear electrodes. Impedance was less than 5kOm and the range from 0.1 to 100Hz, the 16-bit amplifier was used. Discretization was 1024Hz.
ERP-study was carried out before, in the middle of the course and after the stimulation course. Totally, 45
studies were analyzed. 
Stimulus-based EEG paradigm
We used resting state and music (songs) paradigms. We supposed that changes of functional connectivity during listening to songs in comparison to resting state would concern, at least, regions involved in music and speech perception.
The music (songs) paradigm included 6 melodies appearing pseudorandom. Each melody lasted 4 s and repeated 11 times (total 66 stimuli). One melody was familiar to a patient before trauma. Interstimulus interval varied from 5 to 7 s. Stimuli were presented binaurally. In some cases, presentation was interrupted after 30-35 stimuli due to emerging epi-activity on EEG.
In current study we did not analyze features of functional connectivity in dependence on music. So the average ERP included responses to all melodies.
Moreover, we consider songs as stimuli with double significance. On the one hand, they could be used as a Patients with positive clinical dynamics before the TMS have a similar value of synchrony during resting state before and after the listening to stimuli and an increased value of synchrony during listening to stimuli (Figure 1 I A). After TMS these patients had a similar synchrony during resting state and listening to stimuli and an increased synchrony after the listening to stimuli. The normalization of synchrony value was detected only during resting state after listening to stimuli (Figure 1 I   B) .
We analyzed wavelet-connectivity in patients with positive clinical dynamics after TMS. We revealed that before the TMS the short connectivity between neighboring sites in frontal, temporal and parietal area were detected during resting state (Figure 2 I A, C) . The interhemispheric connectivity between temporal area and interhemispheric connectivity between frontal and temporal areas were revealed (Figure 2 I B) .
TMS effects mainly connectivity during resting state.
After TMS course, the interhemispheric connectivity between frontal, central and parietal areas during resting state as well as interhemispheric connectivity between temporal areas during listening to stimuli were revealed (Figure 2 II).
Patients with negative clinical dynamics had no
interhemispheric connectivity before and after TMS.
Functional connectivity mapping for these patients was similar to those during resting state in patients with positive clinical dynamics before TMS. Only a short connectivity between close located sites with no structure was detected. It is also worth noting that a group of patients with positive dynamics after TMS therapy is characterized by a change in state. There was an improvement in motor activity, the appearance of the ability to fix the gaze and tracking moving objects, an understanding of inverted speech, attempts to talk. We consider changes of wavelet connectivity as activation of functional nets of brain. We suppose that revealed connectivity reflects interaction between functional nets involved in detection of stimuli and activation of voluntary processing and speech. 
Conclusion
